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In recent years, the road distresses have caused millions of ringgit to maintenance 
cost. Hence, allowed paving technologists to examine the benefits of introducing 
additives and modifiers. As a result modifiers such as fillers, extenders polymers 
(natural and synthetic), fibers among others, are introduced to be mixed with asphalt. 
This study was conducted to investigate the use of parit Nipah peat (PNpt) to be 
mixed with asphalt, both of unaged and aged conditions to improve the performance 
of asphalt mix. The physical properties, storage stability and rheological properties 
of base asphalt and PNpt modified asphalt (PNpt.M.A.) were measured. It was 
observed that the rheological properties differ considerably between the base asphalt 
and PNpt. The rheological changes associated with the ageing of PNpt.M.A are 
linked to a breakdown of the molecular structure of the binders to form a lower 
molecular weight peat substructure. Based on the SHRP rutting parameters, adding 
PNpt decreases rutting for the binder at high temperature rheological properties 
indicated that 5% PNpt or PNpt.M.A. 5 is the optimum content as a modifier with 
asphalt. After the optimum content of PNpt, tests were conducted to investigate the 
performance characteristics, where the mixes were prepared according to the wet 
process. Mechanical testing on the PNpt asphalt mixes have demonstrated that the 
asphalt mix stiffness, rutting performance at high temperature were found to be 
improved. Modification indices with the PNpt 5% showing a peak modification with 
45.6% percentages increasing to enhancement towards against rutting deformations 
with consideration the effect of aging as an average of the mixture work interim of 
rutting resistance. However, the durability studies have indicated that PNpt are 
slightly susceptible with the presence of rutting. The stiffness modules of mixes were 
found to be affected by the testing temperatures and frequencies. As conclusion, 
asphalt pavement performance can be enhanced by using PNpt as modifier is major 
road distresses. In addition, it has the excellent potential for great modification of the 












Sejak kebelakangan ini, peningkatan trafik serta tekanan tayar, trak yang besar dan 
berat dan rekabentuk gandar baru menyebabkan menyebabkan kos jutaan ringgit 
untuk penyelenggaraan. Oleh itu, pemahaman yang lebih baik tentang tingkah laku 
dan sifat asfalt, juga dengan perkembangan teknologi, membolehkan teknologis 
mengkaji manfaat dalam memperkenalkan bahan tambah dan bahan pengubahsuai. 
Bahan pengubahsuai seperti bahan pengisi, polimer (semulajadi dan sintetik) dan 
fiber diperkenalkan untuk dicampurkan dengan asphalt agar dapat meningkatkan 
ciri-ciri asphalt sebagai bahan pengikat. Kajian ini dijalankan bagi mengkaji 
penggunaan partikel tanah gambut Parit Nipah (PNpt) untuk dicampur dengan 
asphalt bagi kedua-dua keadaan iaitu tanpa rawatan dan kajian jangka pendek 
bertujuan untuk meningkatkan prestasi campuran asfalt. Ciri-ciri fizikal, kestabilan 
penyimpanan dan rheologi bagi asfalt asas dan asfalt PNpt yang diubahsuai 
(PNpt.M.A.) juga diukur. Parameter asas digunakan untuk menggambarkan 
kepentingan PNpt sebagai bahan pengubah. Didapati bahawa kestabilan 
penyimpanan bergantung kepada kandungan bahan yang terdapat dalam asphalt 
tersebut. Bagaimanapun, pemerhatian mendapati bahawa sifat rheologi jauh berbeza 
antara asfalt asas dan PNpt. Perubahan rheologi berkait dengan penuaan PNpt.M.A. 
dikaitkan dengan pecahan struktur molekul pengikat untuk membentuk substruktur 
molekul gambut yang lebih rendah. Ini mengakibatkan peningkatan tingkah laku 
selepas penuaan berbanding peningkatan tingkah laku keanjalan di dalam asfalt asas. 
Berdasarkan parameter kegagalan permukaan jalan disebabkan oleh kesan roda 
SHRP, penambahan PNpt mengurangkan kegagalan permukaan jalan disebabkan 
oleh kesan roda pada suhu tinggi sifat rheologi menunjukkan bahawa 5% PNpt atau 
PNpt.M.A. 5 ialah kandungan optimum sebagai bahan pengubah suai asfalt. Selepas 
mendapatkan kandungan PNpt yang optimum, ujian telah dijalankan untuk mengkaji 










proses basah. Ujian mekanikal terhadap campuran asfalt PNpt telah menunjukkan 
bahawa ciri kekerasan campuran asfalt, prestasi bagi kegagalan permukaan jalan 
disebabkan oleh kesan roda pada suhu tinggi didapati bertambah baik berbanding 
dengan asfalt asas PNpt.MA 0. Bagaimanapun, kajian ketahanan telah menunjukkan 
bahawa PNpt mudah terdedah dengan kehadiran kegagalan permukaan jalan 
disebabkan oleh kesan roda. Kajian ketahanan juga dilakukan untuk mengkaji sifat 
penuaan jangka masa pendek bagi PNpt. Didapati bahawa ciri kekerasan bagi 
campuran asfalt meningkat disebabkan kesan gabungan di antara penuaan jangka 
masa pendek bagi campuran asfalt. Modulus ciri kekerasan campuran didapati 
terjejas oleh ujian suhu dan frekuensi. Kesimpulannya, prestasi turapan asfalt boleh 
ditingkatkan dengan menggunakan PNpt sebagai bahan pengubah suai bagi masalah 
jalan utama. Di samping itu, terdapat potensi yang sangat baik untuk pengubahsuaian 

















TABLE OF CONTENTS 
TITTLE i 





TABLE OF CONTENTS viii 
LIST OF TABLES xv 
LIST OF FIGURES xx 
LIST OF ABREVIATIONS xxiv 
LIST OF SYMBOLS xxvi 
LIST OF APPENDICES xxviii 
CHAPTER 1 INTRODUCTION   1 
1.1 Preamble 1 
1.2 Problem statement 2 
1.3 Aim and objectives 4 
1.4 Scope of study 5 
1.5 Importance of study 5 
1.6 Thesis structure 6 
CHAPTER 2 LITERATURE REVIEW 7 
2.1 Introduction 7 










2.2.1 Asphalt chemical characterization 11 
2.2.2 Asphalt physical characterization 13 
2.2.3 Rheological properties of asphalt 13 
2.2.4 Experimental for characterizations of asphalt 15 
2.2.4.1 Dynamic Shear Rheometer (DSR) 16 
2.2.4.2 Time-temperature superposition                          
principle 19 
2.2.4.3 Master curve 20 
2.2.4.4 Isochronal plot 21 
2.2.4.5 Black diagram plot 21 
2.2.4.6 SHRP parameters 22 
2.2.4.7 Fourier transform infrared spectroscopy 23 
2.2.4.8 Scanning Electron Microscopy (SEM) 23 
2.2.4.9 Asphalt aging 24 
2.3 Parit nipah peat (PNpt) 25 
2.3.1 Utilization and ranked of peat 26 
2.3.2 Properties of peat 27 
2.4 Preparation technology of modified asphalts 29 
2.5 Application of modified asphalt in road constrictions 30 
2.5.1 Introduction and definition 30 
2.5.2 Clay modified asphalt 31 
2.5.3 Silica modified asphalt 35 
2.5.4 Titanium dioxide and silicon dioxide TiO2/SiO2 37 
2.5.5 Performance of different types of modifies asphalt 38 
2.6 Hot Mix Asphalt (HMA) 41 
2.6.1 Hot mix asphalt technology 42 
2.6.2 Effect of modifier asphalt in permanent 
  deformation 433 
2.6.3 Effect of modified asphalt on mechanical  
 properties 46 
2.6.4 Superpave gradation and effects on rutting 48 
2.6.5 Requirements design for superpave design method 48 










2.6.7 Effect of modified asphalt on aging of asphaltic  
 mixture 54 
2.7 Mechanical tests for characterization of asphaltic                            
mixture 57 
2.7.1 Resilient modulus 57 
2.7.2 Repeated load permanent deformation test  
 (flow number test) 58 
2.8 Rutting assessment 59 
2.8.1 Rutting criteria 62 
2.8.2 Types of rutting 63 
2.8.2.1 Rutting by densification (vertical                           
compression) 63 
2.8.2.2 Rutting by ravelling 64 
2.8.2.3 Rutting by shoving 64 
2.8.2.4 Mixture properties that influence rutting                 
resistance 65 
2.8.3 Causes of rutting 66 
2.8.4 Factors influence rutting 66 
2.9 Summary of chapter 68 
CHAPTER 3 RESEARCH METHODOLOGY 71 
3.1 Introduction 71 
3.2 Process research framework 71 
3.3 Experimental process and materials 73 
3.4 Material collection 73 
3.5 Asphalt 73 
3.5.1 Binder preparation 74 
3.5.2 Asphalt modification (blending) 74 
3.6 Conventional physical properties 76 
3.6.1 Penetration 76 
3.6.2 Ring and ball softening point test 77 
3.6.3 Rotational Viscometer (RV) test 77 
3.6.4 Ductility test 78 










3.6.6 Flash point and fire point 80 
3.6.7 Storage stability 80 
3.6.8 Temperature susceptibility 81 
3.7 Imoprtant characterise of asphalt binder 82 
3.7.1 Aging method for asphalt binder 82 
3.7.2 Dynamic shear rheometer 83 
3.7.3 Fourier transform infrared spectroscopy 85 
3.7.4 Surface free energy 86 
3.7.5 Surface Morphology by Scanning Electron                       
Microscopy (SEM) 86 
3.7.6 X-ray Diffraction (XRD) analysis 87 
3.8 Superpave method for asphalt mix design 88 
3.8.1 Aggregate for asphalt mixture 89 
3.8.2 Sieve analysis 90 
3.8.3 Specimen preparation 91 
3.8.4 Specimen compaction 91 
3.8.5 Optimum Asphalt Content (OAC) 92 
3.8.6 Mixture volumetric evaluation 92 
3.9 Volumetric properties of asphalt mixture 95 
3.9.1 Maximum specific gravity (𝑮𝒎𝒎 CoreLok) 95 
3.10 Performance of hot mix asphalt testes 95 
3.10.1 Indirect tensile modulus test 96 
3.10.2 Creep test 97 
3.10.2.1 Static creep test 97 
3.10.2.2 Dynamic creep test 97 
3.10.3 Wheel-tracking test 98 
3.11 Statistical analysis 99 
3.12 Summary of chapter 100 
CHAPTER 4 PERFORMANCE OF CHEMICAL, PHYSICAL AND 
RHEOLOGICAL PROPERTIES OF ASPHALT                        
BINDER 101 
4.1 Introduction to chapter 101 










4.2.1 Asphalt binder 102 
4.2.2 Parit Nipah Peat (PNpt) 102 
4.2.3 Blending process 104 
4.2.4 Point of homogeneity 104 
4.3 Chemical properties of the materials 106 
4.3.1 Characterization of PNpt.M.A by Scanning Electron 
Microscopic (SEM) 107 
4.3.2 Electron images of unmodified 107 
4.3.3 Electron images of PNpt modified asphalt binder 108 
4.3.4 Fourier transform infrared spectroscopy 110 
4.3.5 Surface free energy 112 
4.3.6 X-Ray Diffraction (XRD) 115 
4.4 Results of physical tests                                                                116 
4.4.1 Penetration 116 
4.4.2 Softening point ring and ball 118 
4.4.3 Loss on heating 120 
4.4.4 Ductility test 121 
4.4.5 Viscosity 123 
4.4.6 Flash point and fire point 125 
4.4.7 Storage stability 125 
4.4.8 Temperature susceptibility 127 
4.5 Physical Properties of aged index                                                 128 
4.5.1 Penetration aging index 128 
4.5.2 Softening point aging index 129 
4.5.3 Viscosity aging index 131 
4.6 Results of rheological tests                                                          132 
4.6.1 Effect of PNpt.M.A on ‘G*’ and ‘δ’ (unaged and               
short-term) 132 
4.6.2 Rutting parameter SHRP (G*/sin δ) (unaged and                        
short-term) 137 
4.6.3 Isochronal plot 144 
4.6.4 Rheological master curves (unaged) 147 
4.6.5 Rheological master curves (short-tem) 150 










4.6.7 Black diagram (short-term) 153 
4.6.8 Failure temperature 154 
4.6.9 Creep and recovery (unaged) 155 
4.6.10 Creep and recovery (short-term) 158 
4.6.11 Multiple stress creep recovery (unaged) 160 
4.6.12 Multiple stress creep recovery (shot-term) 163 
4.7 Summary of chapter                                                                       166 
CHAPTER 5 PERFORMANCE OF ASPHALTIC MIXTURE                        
MODIFIED BY PARIT NIPAH PEAT 168 
5.1 Introduction 168 
5.2 Properties of peat modified asphalt mixture 169 
5.3 The Design of aggregates 169 
5.3.1 Flakiness and elongation 171 
5.3.2 Aggregate Impact Value (AIV) 172 
5.3.3 Specific gravity results 173 
5.4 Determination of volumetric properties of asphalt mixes            173 
5.5 Evaluation of modified asphaltic mixture 175 
5.5.1 Resilient modulus test 176 
5.5.2 Static creep test 182 
5.5.3 Dynamic creep 188 
5.5.4 Wheel tracking 192 
5.6 Establishment of relationship between asphalt mixtures 
Performances and asphalt binders performances 197 
5.6.1 Relationship of asphalt mixture performance tests                       
and Viscosity of asphalt binders 198 
5.6.2 Relationship of asphalt mixture performance tests                      
and G*/sin δ of asphalt binders 200 
5.6.3 Relationship of asphalt mixture creep tests and                        
creep recovery of asphalt binders 202 
5.6.3.1 Creep and creep recovery 203 
5.6.3.2 Multiple stress creep recovery 204 











CHAPTER 6 CONCLUSION AND RECOMMENDATIONS 208 
6.1 Conclusion 208 
6.2 Recommendations 210 
REFERENCES 212 
APPENDICES 227 
LIST OF PUBLICATIONS 297 













LIST OF TABLES 
2.1         Elemental composition of asphalt binder 12 
2.2         Superpave asphalt binder testing equipment and purposes   15 
2.3         Placement and compaction temperature for HMA 20 
2.4         Some common types of asphalt modifiers 41 
2.5         Rutting criteria 63 
2.6         Factors influencing rutting of asphalt mixtures   67 
2.7         Gap of study from several papers and journals of enhance asphalt      
              properties 68 
3.1         Binder identity and composition matrix 74 
3.2         Blending binders protocol 75 
3.3         Acceptable difference for penetration results  76 
3.4         Correction factors volatilization ratio 80 
3.5         Gradation limit for ASTM D 3515-96 (D-4) 90 
3.6         Superpave gradation requirement for restricted zone 91 
3.7         Superpave gyratory compactor effort based on esals 91 
3.8         Design mix criteria 92 
3.9         The indirect tensile resilient modulus parameters 96 
3.10       The parameters of dynamic creep test 97 
3.11       The parameters of wheel-tracking 99 
4.1         Materials properties for the base asphalt 102 
4.2         Physical properties of peat   103 
4.3         Parameters in blending procedure 104 
4.4         Optimum blending time (point of homogeneity) 105 










4.6         ZAF method standard less quantitative analysis with fitting       
coefficient 0.4600 107 
4.7         ZAF method standard less quantitative analysis with fitting       
coefficient 0.5473 109 
4.8         Functional groups containing a carbonyl in the asphalt binder 111 
4.9         Comparison of significant difference of surface energy 114 
4.10       Comparison of significant difference of penetration test 118 
4.12       Post hoc multiple comparisons between base and pnpt modified      
asphalt binder 118 
4.13       Comparison of significant difference level of softening point 119 
4.14       Post hoc multiple comparisons between base and pnpt modified     
asphalt binder 120 
4.14       Results mass change after heating of binders 120 
4.15       Comparison of significant difference level of loss in heating 121 
4.16       Post hoc multiple comparisons between base and pnpt modified     
asphalt binder 121 
4.17       Results of binders on ductility test 122 
4.18       Comparison of significant difference level of ductility test 122 
4.19       Post hoc multiple comparisons between base and pnpt modified     
asphalt binder 123 
4.20       Comparison of significant difference level of viscosity test 124 
4.21       Post hoc multiple comparisons between base and pnpt modified     
asphalt binder 125 
4.22       The result of the flash point and fire point 125 
4.23       Results for storage stability test 127 
4.24       Comparison of significant difference level of storage stability 127 
4.25       The results of PI and PVN for base and PNpt modified asphalt         
binder 128 
4.26       Ageing index of penetration test 129 
4.27       Aging index of softening point ring and ball test 130 










4.29       Comparison of significant difference level of complex                  
modulus ‘G*’ 135 
4.30       Post hoc multiple comparisons between base and pnpt modified         
asphalt binder 135 
4.31       Comparison of significant difference level of complex                  
modulus ‘G*’ 137 
4.32       Post hoc multiple comparisons between base and pnpt modified      
asphalt  binder 137 
4.33       DSR test results with binder grades 138 
4.34       Comparison of significant difference levels of rutting parameter    
(G*/Sin Δ) 143 
4.35       Post hoc multiple comparisons between base and pnpt modified     
asphalt binder 144 
4.37       Comparison of significant difference levels of complex modulus           
G* master curve unaged 149 
4.38      Post hoc multiple comparisons between base and PNPT modified    
asphalt binder 150 
4.38      Comparison Of significant difference levels of complex modulus           
G* master curve short term 152 
4.39       Post hoc multiple comparisons between base and pnpt modified     
asphalt binder 152 
4.40       Comparison of significant difference levels of creep and recovery 157 
4.42       Post hoc multiple comparisons between base and pnpt modified     
asphalt binder 157 
4.42       Comparison of significant difference levels of creep and recovery      
short term 159 
4.43       Post hoc multiple comparisons between base and PNpt modified    
asphalt binder 160 
4.44       Comparison of significant difference levels of multi creep and     










4.45       Post hoc multiple comparisons between base and PNpt modified     
asphalt binder 163 
4.46       Comparison of significant difference levels of multi creep and     
recovery short term 165 
4.47       Post hoc multiple comparisons between base and PNpt modified    
asphalt binder 166 
5.1         Designed aggregate structure 170 
5.2         Results of aggregate properties 171 
5.3         Summary of flakiness test 171 
5.4         Summary of elongation test 172 
5.5         Summary of aggregate impact value test 172 
5.6         Bulk specific gravity of aggregates 173 
5.7         Optimum asphalt contents and met the superpave criteria of       
PNpt.M.A 175 
5.8         Resilient modulus of unaged at 25ºC and 40ºC 177 
5.9         Resilient modulus of short term At 25ºC and 40ºC 179 
5.10       Aging index of asphalt mixture and PNpt modified asphalt 180 
5.11       Comparison of significant difference levels of resilient modulus     
unaged 25ºC and 40 ºC 181 
5.12       Post hoc multiple comparison between base and PNpt modified 181 
5.13       Comparison of significant difference levels of resilient modulus         
short term 25ºC and 40 ºC 181 
5.14       Post hoc multiple comparison between base and PNpt modified 182 
5.15       Comparison between the control and modified mixtures for        
maximum permanent deformation and axial strain in static                
creep test 183 
5.16       Ageing index for static creep 187 
5.17       Comparison of significant difference levels of static creep unaged 187 
5.18       Post hoc multiple comparisons between base and PNpt modified     










5.19       Comparison of significant difference levels of static creep short          
term 188 
5.20       Post hoc multiple comparisons between base and PNpt modified    
asphalt binder 188 
5.21       Ageing index for dynamic creep test 40°C 191 
5.22       Comparison of significant difference levels of dynamic creep         
unaged 191 
5.23       Post hoc multiple comparisons between base and PNpt modified     
asphalt binder 192 
5.24       Comparison of significant difference levels of dynamic creep             
short term 192 
5.25       Post hoc multiple comparisons between base and PNpt modified     
asphalt binder 192 
5.26       Ageing index for wheel tracking test at 45°C 196 
5.27       Comparison of significant difference levels of wheel tracking         
unaged 196 
5.28       Post hoc multiple comparisons between base and PNpt modified     
asphalt binder 196 
5.29       Comparison of significant difference levels wheel tracking short         
term 197 
5.30       Post hoc multiple comparisons between base and PNpt modified     
asphalt binder 197 












LIST OF FIGURES 
 
1.1         Rutting in asphalt pavement  4 
2.1         Schematic of the chemical composition of asphalt 11 
2.2         Stress-strain response of a viscoelastic material 17 
2.3         Classification of asphalt mixtures based on production temperature 20 
2.4         The SEM image and FTIR spectra of carbon microfiber and         
nanomer 31 
2.5         FE-SEM microstructure images of polymer modified nano clay            
and PMN modified asphalt binder 32 
2.6         SEM image of nano-clay 34 
2.7         Failure zones under tire load 44 
2.8         Permanent deformation 45 
2.9         Aging of asphalt during mixing, storage, transportation,            
application and in service 56 
2.10       Typical relationship between permanent strain and number of            
cycle  in flow number test 58 
2.11       Rutting in asphalt pavement 60 
2.12       Stress and strain of permanent deformation   61 
2.13       Characterization of downward and total rutting 63 
3.1         Flow chart 72 
3.2         Asphalt binder 73 
3.3         Blending procedure 75 
3.4         Ring and ball softening point test device 77 
3.5         Ductility test device 79 
3.6         Equipment of loss in heating test 80 










3.8         Rolling thin film oven test set up 83 
3.9         Dynamic shear rheometer 83 
3.10       Schematic of dsr testing arrangement 84 
3.11       Used to determine linear viscoelastic region 84 
3.12       Fourier transform infrared spectroscopy device 86 
3.13       Scanning electron microscopy (SEM) device 87 
3.14       Specimens coating device 87 
3.15       Superpave gyratory compactor 89 
3.16       Universal testing machine 25 96 
3.17       Wheel-tracking test  98 
4.1         Parit nipah peat (PNpt) balls and particles 103 
4.2         Optimum blending time 105 
4.3         Plot of predicted values versus actual of optimum blending time 106 
4.4         Electron images of unmodified for one magnification 500x 107 
4.5         Electron images of modified for one magnification 500x 108 
4.6         Electron images of PNpt for differences magnifications:                         
(a) 100 x ; (b) 200 x; (c) 500 x; (d) 1000 x; 109 
4.7         FTIR spectra of base asphalt and PNpt.M.A 111 
4.8         Carbony indexes from FTIR test 112 
4.9         Sulphoxide indexes from FTIR test 112 
4.10       Connecting angle the surface of PNpt.M.A 113 
4.11       Surface energy of unaged asphalt binder 113 
4.12       XRD patterns of base asphalt binder and PNpt modified asphalt 116 
4.13       Results of penetration at 25°C 117 
4.14       The result softening point ring and ball 119 
4.15       The result of viscosity 124 
4.16       Aluminium tube for storage stability test 126 
4.17       Penetration ageing index 129 
4.18       Softening point values after aging 130 
4.19       Viscosity values for unaged and short-term at 135°C 131 
4.20       Effect of PNpt.M.A on complex modulus ‘G*’ and phase angle             
‘δ’ of unaged binders 134 
4.21       Effect of PNpt.M.A on complex modulus ‘G*’ and phase angle             










4.22      Comparing PNpt effect on ‘G*/sinδ’ value from DSR test at 40 °C 139 
4.23       Comparing PNpt effect on ‘G*/sinδ’ value from DSR test                        
at 58 °C 140 
4.24       Comparing PNpt effect on ‘G*/sinδ’ value at 64 °C 141 
4.25       Comparing PNpt effect on ‘G*/sinδ’ value at 70 °C 141 
4.26       Effect of PNpt.M.A on ‘G*/sinδ’ values for unaged and                    
short-term 143 
4.27       Isochronal plots of the complex modulus G* at 1 Rad 145 
4.28       Isochronal plots of the complex modulus G* at 10 Rad 145 
4.29       Modification indices for complex modulus G* at 1 Rad 146 
4.30       Modification indices for complex modulus G* at 10 Rad 147 
4.3         Complex modulus master curves for base and PNpt modified          
asphalt binder at the reference temperature of 45 °C 148 
4.32       Phase angle master curves for base and PNpt modified asphalt         
binder      at the reference temperature of 45 °C 149 
4.33       Complex modulus master curves for short-term base and PNpt    
modified asphalt binder at the reference temperature of 45 °C 151 
4.34       Phase angle master curves for short-term base and PNpt               
modified asphalt binder at the reference temperature of 45 °C 151 
4.35       Black diagrams for base and PNpt modified asphalt binder 153 
4.36       Black diagrams for base and PNpt modified asphalt binder 154 
4.37       Failure temperatures for base and PNpt modified asphalt binder 155 
4.38       Compliance creep and recovery at 3Pa 156 
4.39       Compliance creep and recovery at 10Pa 156 
4.40       Compliance creep and recovery at 50Pa 157 
4.41       Creep and recovery of short-term at 3Pa 158 
4.42       Creep and recovery of short-term at 10Pa 158 
4.43       Creep and recovery of short-term at 50Pa 159 
4.44       Compliance creep at 64°C for unaged (100 Pa) 162 
4.45       Compliance creep at 64°C for unaged (3200 Pa) 162 
4.46       Compliance creep at 64°C for s-t (100 Pa) 164 
4.47       Compliance creep at 64°C for s-t (3200 Pa) 165 
5.1         Aggregate gradation for 19mm nms on 0.45 powers chart 170 










5.3         Resilient modulus of unaged at 40ºC 178 
5.4         Resilient modulus of short term at 25ºC 179 
5.5         Resilient modulus of short term at 40ºC 180 
5.6         Axial strains of the mixtures with different ratios of PNpt in              
static creep behaviour 184 
5.7         Permanent deformation of the mixtures with different ratios of           
PNpt in static creep behaviour 184 
5.8         Axial strains of the short term mixtures with different ratios of           
PNpt in static creep behavior 185 
5.9         Permanent deformation of the mixtures with different ratios of           
PNpt in static creep behavior 186 
5.10       Dynamic creep of unaged at 40°C 189 
5.11       Dynamic creep of short-term aged at 40°C 190 
5.12       Wheel tracking results of unaged 194 
5.13       Wheel tracking results of short-term aged 195 
5.14       Correlations between MR and VR 199 
5.15       Correlations between static creep and VR 199 
5.16       Correlations between dynamic creep and VR 199 
5.17       Correlations between wheel tracking and VR 200 
5.18       Correlations between MR and G*/sing δ 201 
5.19       Correlations between static creep and G*/sing δ 201 
5.20       Correlations between dynamic creep and G*/sing δ 202 
5.21       Correlations between wheel tracking and G*/sing δ 202 
5.22       Correlations between MR and creep and recovery 203 
5.23       Correlations between static creep and creep recovery 203 
5.24       Correlations between dynamic creep and creep recovery 204 
5.25       Correlations between wheel tracking and creep recovery 204 
5.26       Correlations between mr and multiple stress creep recovery 205 
5.27       Correlations between static creep and multiple stress creep           
recovery 205 
5.28       Correlations between dynamic creep and multiple stress creep      
recovery 205 












LIST OF ABREVIATIONS 
A - Aging 
AI - Aging Index 
AI - Asphalt Institute 
AASHTO - American association of state highway and transportation officials 
ASTM - American society for testing and materials 
ANOVA - Analysis of Variance 
AC - Aging Condition 
BT - Asphalt Binder Type 
CGN - Compaction Gyration Number 
DSR - Dynamic Shear Rheometer 
DG - Dense-Grade 
ESALs - Equivalent Single Axle Loads 
𝐺𝑠𝑏 
- Bulk Specific Gravity of Aggregate 
𝐺𝑏 
- Specific Gravity of Asphalt 
𝐺𝑠𝑒 
- Effective Specific Gravity of Aggregate 
𝐺𝑚𝑏 
- Specific Gravity of Aggregate 
𝐺𝑚𝑚 
- Maximum Specific Gravity of Paving Mixture 
HMA - Hot Mixture Asphalt 
ITS - Indirect Tensile Strength 
MSCR - Multiple Stress Creep Recovery 











- Compaction Parameter 
𝑁𝑑𝑒𝑠𝑖𝑔𝑛 
- Compaction Parameter 
𝑁𝑚𝑎𝑥𝑖𝑚𝑢𝑚 - Compaction Parameter 
NAPA - National Asphalt Pavement Association 
SHRP - Strategy Highway Research Program 
OAC - Optimum Asphalt Content 
𝑃𝑏𝑒 
- Effective Asphalt Content, percent by total weight of Mixture 
PAV - Pressure Aging Vessel 
𝑃𝑏 
- Asphalt. Percent by total weight of mixture 
PNpt - Parit Nipah Peat 
PNpt.M.A - Parit Nipah Peat Modified Asphalt 
PG - Performance Grade 
RTFO - Rolling Thin Film Oven 
RV - Rotational Viscometer 
SMA - Stone Matrix Asphalt 
SFE - Surface Free Energy 
STA - Short-Term-Aging 
SGC - Superpave Gyratory Compactor 
TSR - Tensile Strength Ratio 
UTM - Universal Testing Machine 
VFA - Voids Filled Asphalt 
VMA - Voids Mineral Aggregate 














Abdallah Mohammed, A. (2015). Effects Of Lime On The Engineering Properties Of 
Highly Expansive Soils From Sudan. University of Kentucky Doctoral 
dissertation. 
Abdullah, M. E., Zamhari, K. A., Hainin, M. R., Oluwasola, E. A., Hassan, N. A., & 
Yusoff, N. I. M. (2016). Engineering properties of asphalt binders containing 
nanoclay and chemical warm-mix asphalt additives. Construction and Building 
Materials, 112, pp. 232–240. 
Ahmed, H. Y., Othman, A. M., & Mahmoud, A. A. (2006). Effect of using waste 
cement dust as a mineral filler on the mechanical properties of hot mix asphal. 
Ass. Univ. Bull. Environ. Res., 9(1), pp. 51–60  
Ahmed, K., Irfan, M., Ahmed, S., & Khattak, A. A. A. (2014). Experimental 
investigation of strength and stiffness characteristics of hot mix asphalt (HMA). 
In Procedia Engineering, 77, pp. 155–160. 
Airey, G. D. (2002). Rheological evaluation of ethylene vinyl acetate polymer 
modified bitumens. Construction and Building Materials, 16(8), pp. 473–487.  
Akbulut, H., Gürer, C., Çetin, S., & Elmaci, A. (2012). Investigation of using granite 
sludge as filler in bituminous hot mixtures. Construction and Building 
Materials, 36, pp. 430–436.  
Al-Mansob, R. A., Ismail, A., Yusoff, N. I. M., Albrka, S. I., Azhari, C. H., & 
Karim, M. R. (2016). Rheological characteristics of unaged and aged 
epoxidised natural rubber modified asphalt. Construction and Building 
Materials, 102, pp. 190–199. 
Al-Qadi, I. L., Yoo, P. J., Elseifi, M. a., & Nelson, S. (2009). Creep Behavior of Hot-
Mix Asphalt due to Heavy Vehicular Tire Loading. Journal of Engineering 
Mechanics, 135(November), pp. 1265–1273.  
Al, A.-H., & Tan, Y. (2011). Performance of the SMA mixes made with the various 
binders. Construction and Building Materials, 25(9), pp. 3668–3673. 
Ali, S. I. A., Ismail, A., Yusoff, N. I. M., Karim, M. R., Al-Mansob, R. a., & 
Alhamali, D. I. (2015). Physical and rheological properties of acrylate–styrene–
acrylonitrile modified asphalt cement. Construction and Building Materials, 93, 
pp. 326–334.  
Allam, A. M. A., Masirin, M. I. M., Abdullah, M. E., & Bader, A. S. (2016). 
Evaluation of the Permanent Deformations and Aging Conditions of Batu Pahat 
Soft Clay-Modified Asphalt Mixture by Using a Dynamic Creep Test. In 
MATEC Web of Conferences 4. pp. 1–8.  
Allam, M. A. A., Masirin, M. I. B. M., & Abdullah, M. E. (2016). Influence of using 
Batu Pahat soft clay on the mechanical properties of hot mix asphalt mixture. 
ARPN J. Eng. Appl. Sci, 11(4), pp. 2380-2386.  
Aman, M. Y., Shahadan, Z., & Buhari, R. (2014). Effects of aging on the physical 










Teknologi, 70(7), pp. 111-116.  
Ameli, A., Babagoli, R., & Tabatabaei Razi, S. E. (2016). Laboratory evaluation of 
the effect of bentonite on performance of bitumen and hot mix asphalt mixtures. 
Petroleum Science and Technology, 34(1), pp. 19–23. 
Amirkhanian, A. N., Xiao, F. P., & Amirkhanian, S. N. (2011). Characterization of 
unaged asphalt binder modified with carbon nano particles. International 
Journal of Pavement Research and Technology, 4(5),pp.  281-286. 
Kumar, S. A., & Veeraragavan, A. (2010). Performance based binder type selection 
using mixed integer programming technique. Construction and Building 
Materials, 24(11), pp. 2091-2100. 
Apte, J. S., Kirchstetter, T. W., Reich, A. H., Deshpande, S. J., Kaushik, G., Chel, 
A., ... & Nazaroff, W. W. (2011). Concentrations of fine, ultrafine, and black 
carbon particles in auto-rickshaws in New Delhi, India. Atmospheric 
Environment, 45(26), pp.4470-4480.  
Attaelmanan, M., Feng, C. P., & AI, A.-H. (2011). Laboratory evaluation of HMA 
with high density polyethylene as a modifier. Construction and Building 
Materials, 25(5), pp. 2764– 
Monbiot, G. (2013). Captive state: the corporate takeover of Britain. Pan Macmillan. 
Austin, A. M. (2009). Fundamental characterization of unbound base course 
materials under cyclic loading.  
Azinfar, B., Zirrahi, M., Hassanzadeh, H., & Abedi, J. (2015). A method for 
characterization of bitumen. Fuel, 153, pp. 240–248.  
Azzam, M. O. J., & Al-Ghazawi, Z. (2015). Evaluation of incorporating oil shale 
filler aggregate into hot mix asphalt using Superpave mix design. Construction 
and Building Materials, 101, pp. 359–379. 
Baghaee Moghaddam, T., Soltani, M., & Karim, M. R. (2014). Evaluation of 
permanent deformation characteristics of unmodified and Polyethylene 
Terephthalate modified asphalt mixtures using dynamic creep test. Materials & 
Design, 53, pp. 317–324.  
Bahia, H. U., Hanson, D. I., Zeng, M., Zhai, H., Khatri, M. A., & Anderson, R. M. 
(2001). Characterization of modified asphalt binders in superpave mix design 
(No. Project 9-10 FY'96).  
Bailey, L., Lekkerkerker, H. N. W., & Maitland, G. C. (2015). Smectite clay--
inorganic nanoparticle mixed suspensions: phase behaviour and rheology. Soft 
Matter, 11(2), pp. 222–36.  
Biligiri, K., Kaloush, K., Mamlouk, M., & Witczak, M. (2007). Rational modeling of 
tertiary flow for asphalt mixtures. Transportation Research Record: Journal of 
the Transportation Research Board, (2001), pp. 63-72. 
Blackman, B. R. K., Cui, S., Kinloch, A. J., & Taylor, A. C. (2013). The 
development of a novel test method to assess the durability of asphalt road-
pavement materials. International Journal of Adhesion and Adhesives, 42, pp. 
1–10.  
Bommerla, A., & Reddy, K. S. (2014). Effect of saturated ageing on fatigue behavior 










Conference on Asphalt Pavements, ISAP 2014 (1), pp. 553–560. 
Bowers, B. F., Huang, B., Shu, X., & Miller, B. C. (2014). Investigation of 
reclaimed asphalt pavement blending efficiency through GPC and FTIR. 
Construction and Building Materials, 50, pp. 517–523. 
Brovelli, C., Crispino, M., Pais, J., & Pereira, P. (2015). Using polymers to improve 
the rutting resistance of asphalt concrete. Construction and Building Materials, 
77, pp. 117–123. 
Brown, C. A., & Bacon, S. P. (2009). Achieving electric-acoustic benefit with a 
modulated tone. Ear and Hearing, 30(5), 489. 
Brown, E. R., Kandhal, P. S., Roberts, F. L., Kim, Y. R., Lee, D. Y., & Kennedy, T. 
W. (2009). Hot mix asphalt materials, mixture design and construction (Third). 
Maryland: NAPA Research and Education Foundation, Lanham. 
Button, J. W., Estakhri, C., & Wimsatt, A. (2007). A synthesis of warm mix asphalt. 
Cardone, F., Frigio, F., Ferrotti, G., & Canestrari, F. (2015). Influence of mineral 
fillers on the rheological response of polymer-modified bitumens and mastics. 
Journal of Traffic and Transportation Engineering (English Edition), 2(6), pp. 
373-381.  
Chailleux, E., Ramond, G., Such, C., & de La Roche, C. (2006). A mathematical-
based master-curve construction method applied to complex modulus of 
bituminous materials. Road Materials and Pavement Design, 7(sup1),pp. 75–
92. 
Che Mamat, R. (2013). Engineering properties of Batu Pahat soft clay stabilized with 
lime, cement and bentonite for subgrade in road construction, Universiti Tun 
Hussein Onn Malaysia Doctoral dissertation. 
Chen, M., Lin, J., & Wu, S. (2011). Potential of recycled fine aggregates powder as 
filler in asphalt mixture. Construction and Building Materials, 25(10), pp. 
3909–3914. 
Chen, X., & Huang, B. (2008). Evaluation of moisture damage in hot mix asphalt 
using simple performance and superpave indirect tensile tests. Construction and 
Building Materials, 22(9), pp. 1950–1962. 
Chiranjeevi, T., Simhachalam, R., Kumar, D. S. N. V. A., & Raghuram, K. B. 
(2012). Laboratory Evaluation of Permanent Deformation Characteristics of 
Bituminous Mixes Using Different Binders, 1, pp.475–480. 
Cardone, F., Frigio, F., Ferrotti, G., & Canestrari, F. (2015). Influence of mineral 
fillers on the rheological response of polymer-modified bitumens and mastics. 
Journal of Traffic and Transportation Engineering (English Edition), 2(6), pp. 
373-381.  
Cong, P., Liu, N., Tian, Y., & Zhang, Y. (2016). Effects of long-term aging on the 
properties of asphalt binder containing diatoms. Construction and Building 
Materials, 123, pp. 534–540. 
Cui, S., Blackman, B. R. K., Kinloch, A. J., & Taylor, A. C. (2014). Durability of 
asphalt mixtures: Effect of aggregate type and adhesion promoters. 
International Journal of Adhesion and Adhesives, 54, pp. 100–111. 










(2011). Laboratory evaluation of recycled construction and demolition waste for 
pavements. Construction and Building Materials, 25(6), pp. 2972–2979. 
Dermatas, D., & Meng, X. (2003). Utilization of fly ash for 
stabilization/solidification of heavy metal contaminated soils. Engineering 
Geology, 70(3), pp. 377–394. 
Dubois, E., Mehta, D. Y., & Nolan, A. (2014). Correlation between multiple stress 
creep recovery (MSCR) results and polymer modification of binder. 
Construction and Building Materials, 65, pp. 184–190. 
El-Shafie, M., Ibrahim, I. M., & Abd El Rahman, A. M. M. (2012). The addition 
effects of macro and nano clay on the performance of asphalt binder. Egyptian 
Journal of Petroleum, 21(2), pp. 149–154. 
Eng, W. J. D. B. (2004). Factors Influencing Asphalt Compactibility And Its 
Relation To Asphalt Rutting Performance. University of Stellenbosch Doctoral 
dissertation. 
Esra’a, I. A., & Abo-Qudais, S. A. (2018). Modeling of creep compliance behavior 
in asphalt mixes using multiple regression and artificial neural networks. 
Construction and Building Materials, 159, pp. 635–641. 
Ezzat, H., El-Badawy, S., Gabr, A., Zaki, E.-S. I., & Breakah, T. (2016). Evaluation 
of Asphalt Binders Modified with Nanoclay and Nanosilica. Procedia 
Engineering, 143, pp.1260–1267. 
Fang, C., Yu, R., Liu, S., & Li, Y. (2013). Nanomaterials applied in asphalt 
modification: A review. Journal of Materials Science and Technology, 29(7), 
pp. 589–594. 
Farias, L. G. A. T., Leitinho, J. L., Amoni, B. de C., Bastos, J. B. S., Soares, J. B., 
Soares, S. de A., & de Sant’Ana, H. B. (2016). Effects of nanoclay and 
nanocomposites on bitumen rheological properties. Construction and Building 
Materials, 125, pp. 873–883. 
Ghile, D. B. (2006). Effects of nanoclay modification on rheology of bitumen and on 
performance of asphalt mixtures. Delft, The Netherlands: Delft University of 
Technology. Doctoral dissertation. 
Goh, S. W., Akin, M., You, Z., & Shi, X. (2011). Effect of deicing solutions on the 
tensile strength of micro- or nano-modified asphalt mixture. Construction and 
Building Materials, 25(1), pp. 195–200. 
Golalipour, A. (2011). Modification of multiple stress creep and recovery test 
procedure and usage in specification. University of Wisconsin--Madison 
Doctoral dissertation. 
Golestani, B., Hyun, B., Moghadas, F., & Fallah, S. (2015). Nanoclay application to 
asphalt concrete : Characterization of polymer and linear nanocomposite-
modified asphalt binder and mixture. Construction and Building Materials, 91, 
pp. 32–38. 
Gu, L., & Mooney, D. J. (2016). Biomaterials and emerging anticancer therapeutics: 
engineering the microenvironment. Nature Reviews Cancer, 16(1), pp. 56–66. 
Gudimettla, J. M., Cooley, L. A., & Brown, E. R. (2003). Workability of hot mix 










Guo, M., Tan, Y., Hou, Y., Wang, L., & Wang, Y. (2017). Improvement of 
evaluation indicator of interfacial interaction between asphalt binder and 
mineral fillers. Construction and Building Materials, 151, pp. 236–245. 
GÜRER, C., & SELMAN, G. \cSirin. (2016). Investigation of Properties of Asphalt 
Concrete Containing Boron Waste as Mineral Filler. Materials Science, 22(1), 
pp. 118–125. 
Guthrie, W., Brown, A., & Eggett, D. (2007). Cement stabilization of aggregate base 
material blended with reclaimed asphalt pavement. Transportation Research 
Record: Journal of the Transportation Research Board, (2026), pp. 47–53. 
Hafeez, I., & Kamal, M. A. (2010). Effects of Mineral Filler to Polymer Modified 
Bitumen Ratio on the Design Properties of Hot Mix Asphalt and its 
Performance, 29, pp. 581–588. 
Hafeez, I., Kamal, M. A., Ahadi, M. R., Shahzad, Q., & Bashir, N. (2012). 
Performance Prediction of Hot Mix Asphalt from Asphalt Binders. Pakistan 
Journal of Engineering & Applied Science, 11, pp. 104–113. 
Hafeez, I., Kamal, M. a, Ahadi, M. R., Shahzad, Q., & Bashir, N. (2012). 
Performance Prediction of Hot Mix Asphalt from Asphalt Binders. Pakistan 
Journal of Engineering & Applied Science, 11, pp. 104–113. 
Hagos, E. T. (2008). The effect of aging on binder proporties of porous asphalt 
concrete. TU Delft, Delft University of Technology Doctoral dissertation. 
Hainin, M. R., Yusoff, N. I. M., Mohd Satar, M. K. I., & Brown, E. R. (2013). The 
effect of lift thickness on permeability and the time available for compaction of 
hot mix asphalt pavement under tropical climate condition. Construction and 
Building Materials, 48, pp. 315–324. 
Hajj, E., Siddharthan, R., Sebaaly, P., & Weitzel, D. (2007). Hot-Mix Asphalt 
Mixtures for Nevada's Intersections. Transportation Research Record: Journal 
of the transportation research board, (2001), pp. 73-83. 
Hamdar, Y., Kassem, H., Srour, I., & Chehab, G. (2015). Performance-Based 
Specifications for Sustainable Pavements: A Lean Engineering Analysis. 
Energy Procedia, 74, pp. 453–461. 
Hamzah, M. O., & Shahadan, Z. (2011). Effects of Aging on the Physical, 
Rheological and Chemical Properties of Virgin Bitumen Incorporating 
Recovered Reclaimed Asphalt Pavement Binder. Australian Journal of Basic 
and Applied Sciences, 5(5), pp. 1323–1331. 
Hasan, Z., Kamran, R., Mohammad, F., Ahmad, G., & Hosein, F. (2012). Evaluation 
of Different Conditions on The Mixing Bitumen and Carbon Nano-Tubes. 
International Journal of Civil & Environmental Engineering IJCEE-IJENS, 
12(6), pp. 53–59. 
Hebib, S., & Farrell, E. R. (2003). Some experiences on the stabilization of Irish 
peats. Canadian Geotechnical Journal, 40(1), pp. 107–120. 
Hoan, H. M., & Ming, C. C. (2010). The Potential of Using Rubberchips as a Soft 
Clay Stabilizer Enhancing Agent. Modern Applied Science, 4(10), p122. 
Hofko, B. (2015). Addressing the permanent deformation behavior of hot mix 










Journal of Traffic and Transportation Engineering (English Edition), 2(1), pp. 
17–29. 
Horpibulsuk, S., Miura, N., & Nagaraj, T. (2005). Clay–Water∕Cement Ratio Identity 
for Cement Admixed Soft Clays. Journal of Geotechnical and 
Geoenvironmental Engineering, 131(2), pp. 187–192. 
Hu, X., Wang, N., Pan, P., & Bai, T. (2017). Performance evaluation of asphalt 
mixture using brake pad waste as mineral filler. Construction and Building 
Materials, 138, pp. 410–417. 
Huang, X.-W., Long, Z.-Q., Wang, L.-S., & Feng, Z.-Y. (2015). Technology 
development for rare earth cleaner hydrometallurgy in China. Rare Metals, 
34(4), pp. 215–222. 
Iskender, E. (2016). Evaluation of mechanical properties of nano-clay modified 
asphalt mixtures. Measurement, 93, pp. 359–371. 
Jahromi, S. G., & Rajaee, S. (2013). Nanoclay-modified asphalt mixtures for eco-
efficient construction. In Nanotechnology in eco-efficient construction. pp. 108-
126. 
Jafari, M., Akbari Nasrekani, A., Nakhaei, M., & Babazadeh, A. (2017). Evaluation 
of rutting resistance of asphalt binders and asphalt mixtures modified with 
polyphosphoric acid. Petroleum Science and Technology, 35(2), pp. 141–147. 
Jahromi, S. G. (2009). Estimation of resistance to moisture destruction in asphalt 
mixtures. Construction and Building Materials, 23(6), pp. 2324–2331. 
Jahromi, S. G., & Khodaii, A. (2009). Effects of nanoclay on rheological properties 
of bitumen binder. Construction and Building Materials, 23(8), pp. 2894–2904. 
Kalantari, B., & Prasad, A. (2014). A study of the effect of various curing techniques 
on the strength of stabilized peat. Transportation Geotechnics, 1(3), pp. 119–
128. 
Kamiya, S., Tasaka, S., Zhang, X., Dong, D., & Inagaki, N. (2001). Compatibilizer 
Role of Styrene-butadiene-styrene Triblock Copolymer in Asphalt. Polymer 
Journal, 33(3), pp. 209–213. 
Kang, S. G. (2013). The development of a regional inventory database for the 
material phase of the pavement life-cycle with updated vehicle emission factors 
using moves. 
Karlsson, R., & Isacsson, U. (2006). Material-related aspects of asphalt recycling—
state-of-the-art. Journal of Materials in Civil Engineering, 18(1), pp. 81-92. 
Khedaywi, T., Al-Khateeb, G., & Irfaeya, M. (2012). Effect of medical ash on shear 
properties of asphalt binder using superpave dynamic shear rheometer (DSR). 
The Journal of Solid Waste Technology and Management, 38(1),pp. 19–27. 
Kim, Y.-R., Little, D., & Song, I. (2003). Effect of mineral fillers on fatigue 
resistance and fundamental material characteristics: mechanistic evaluation. 
Transportation Research Record: Journal of the Transportation Research 
Board, (1832), pp. 1–8. 
Knight, P. ., Seville, J. P. ., Wellm, A. ., & Instone, T. (2001). Prediction of impeller 











Kotal, M., & Bhowmick, A. K. (2015). Polymer nanocomposites from modified 
clays: Recent advances and challenges. Progress in Polymer Science, 51, pp. 
127–187. 
Lee, J., Edil, T. B., Benson, C. H., & Tinjum, J. M. (2010). Use if BEST In-
Highways for Green Highway Construction Rating in Wisconsin. In Green 
Streets and Highways 2010: An Interactive Conference on the State of the Art 
and How to Achieve Sustainable Outcomes, pp. 480-494. 
Lee, J. R. J., Smith, M. L., & Smith, L. N. (2007). A new approach to the three-
dimensional quantification of angularity using image analysis of the size and 
form of coarse aggregates. Engineering Geology, 91(2–4), pp. 254–264. 
Lee, S. M., & Tiwari, D. (2012). Organo and inorgano-organo-modified clays in the 
remediation of aqueous solutions: an overview. Applied Clay Science, 59, pp. 
84–102. 
Letelier, V., Tarela, E., & Moriconi, G. (2017). Mechanical Properties of Concretes 
with Recycled Aggregates and Waste Brick Powder as Cement Replacement. 
Procedia Engineering, 171, pp. 627–632. 
Li, Q. J., Zhan, Y., Yang, G., Wang, K. C., & Wang, C. (2017). Panel data analysis 
of surface skid resistance for various pavement preventive maintenance 
treatments using long term pavement performance (LTPP) data. Canadian 
Journal of Civil Engineering, 44(5), pp. 358-366. 
Li, Q., Yang, H., Ni, F., Ma, X., & Luo, L. (2015). Cause analysis on permanent 
deformation for asphalt pavements using field cores. Construction and Building 
Materials, 100, pp 40–51. 
Li, R., Xiao, F., Amirkhanian, S., You, Z., & Huang, J. (2017). Developments of 
nano materials and technologies on asphalt materials–A review. Construction 
and Building Materials, 143, pp. 633-648. 
Li, S., Huang, Y., & Liu, Z. H. (2016). Experimental evaluation of asphalt material 
for interlayer in rigid–flexible composite pavement. Construction and Building 
Materials, 102, pp. 699-705. 
Lin, C.-H., & Chen, W.-C. (2005). Developing a four-layer system rutting model in 
highway. Journal of the Chinese Institute of Engineers, 28(2), pp. 371–374. 
Lu, X., & Isacsson, U. (2002). Effect of ageing on bitumen chemistry and rheology. 
Construction and Building Materials, 16(1), pp. 15–22. 
Lu, X., & Redelius, P. (2007). Effect of bitumen wax on asphalt mixture 
performance. Construction and Building Materials, 21(11), pp. 1961–1970. 
Luu, D. K., Shi, C., & Sun, Y. (2016). A Review of Nanomanipulation in Scanning 
Electron Microscopes. In Nanopositioning Technologies Springer International 
Publishing. pp. 347-379. 
Ma, T., Huang, X., Zhao, Y., & Zhang, Y. (2015). Evaluation of the diffusion and 
distribution of the rejuvenator for hot asphalt recycling. Construction and 
Building Materials, 98, pp. 530–536. 
Malarvizhi, G., Sabermathi, R., & Kamaraj, C. (2015). Laboratory study on nano 
clay modified asphalt pavement. International Journal of Applied Engineering 










Martinez-Arguelles, G., Giustozzi, F., Crispino, M., & Flintsch, G. W. (2014). 
Investigating physical and rheological properties of foamed bitumen. 
Construction and Building Materials, 72, pp. 423–433. 
Masirin, M. I. B. M. (2006). Performance evaluation of encapsulated road pavement 
on difficult ground condition, University of East London Doctoral dissertation. 
Masoudi, S., Abtahi, S. M., & Goli, A. (2017). Evaluation of electric arc furnace 
steel slag coarse aggregate in warm mix asphalt subjected to long-term aging. 
Construction and Building Materials, 135, pp. 260–266. 
Mekhilef, S., Safari, A., Mustaffa, W. E. S., Saidur, R., Omar, R., & Younis, M. A. 
A. (2012). Solar energy in Malaysia: current state and prospects. Renewable 
and Sustainable Energy Reviews, 16(1), pp.386–396. 
Melotti, R., Santagata, E., Bassani, M., Salvo, M., & Rizzo, S. (2013). A preliminary 
investigation into the physical and chemical properties of biomass ashes used as 
aggregate fillers for bituminous mixtures. Waste management, 33(9), pp. 1906-
1917. 
Mensching, D. J., McCarthy, L. M., Mehta, Y., & Byrne, M. (2013). Modeling 
flexible pavement overlay performance for use with quality-related 
specifications. Construction and Building Materials, 48, pp. 1072–1080. 
Mercé, M., Saadaoui, H., Dole, F., Buisson, L., Bentaleb, A., Ruggi, D., … Backov, 
R. (2015). Importance of thermal gradient in the bitumen bees genesis. Journal 
of Materials Science, 50(20), pp. 6586–6600. 
Merusi, F., Giuliani, F., & Polacco, G. (2012). Linear Viscoelastic Behaviour of 
Asphalt Binders Modified with Polymer/clay Nanocomposites. Procedia - 
Social and Behavioral Sciences, 53, pp. 335–345. 
Michalica, P., Kazatchkov, I. B., Stastna, J., & Zanzotto, L. (2008). Relationship 
between chemical and rheological properties of two asphalts of different 
origins. Fuel, 87(15), pp. 3247–3253. 
Miqueleiz, L., Ramírez, F., Seco, A., Nidzam, R. M., Kinuthia, J. M., Tair, A. A., & 
Garcia, R. (2012). The use of stabilised Spanish clay soil for sustainable 
construction materials. Engineering Geology, 133, pp. 9–15. 
Moayedi, H., Nazir, R., Kazemian, S., & Huat, B. K. (2014). Microstructure analysis 
of electrokinetically stabilized peat. Measurement, 48, pp. 187–194. 
Mobasser, S., & Raihantaha, M. (2013). Adsorption of PCB from contaminated soil 
using nano clay particles. Journal of Industrial Pollution Control, 29(2), pp. 
145–148. 
Modarres, A., & Rahmanzadeh, M. (2014). Application of coal waste powder as 
filler in hot mix asphalt. Construction and Building Materials, 66, pp. 476–483. 
Moghaddam, T. B., Soltani, M., & Karim, M. R. (2015). Stiffness modulus of 
Polyethylene Terephthalate modified asphalt mixture: A statistical analysis of 
the laboratory testing results. Materials & Design, 68, pp. 88–96. 
Mohammadiroudbari, M., Tavakoli, A., Razavi Aghjeh, M. K., & Rahi, M. (2016). 
Effect of nanoclay on the morphology of polyethylene modified bitumen. 
Construction and Building Materials, 116, pp. 245–251. 










of stone matrix asphalt with nano-SiO2. J. Basic Appl. Sci. Res, 2(2), pp. 1338–
1344. 
Montepara, A., Romeo, E., Isola, M., & Tebaldi, G. (2011). The role of fillers on 
cracking behavior of mastics and asphalt mixtures. Asphalt Paving Technology, 
(80), pp. 161-192. 
Moreno-Navarro, F., Iglesias, G. R., & Rubio-Gámez, M. C. (2015). Development of 
mechanomutable asphalt binders for the construction of smart pavements. 
Materials and Design, 84, pp. 100–109. 
Moreno-Navarro, F., Iglesias, G. R., & Rubio-Gámez, M. C. (2016). Mechanical 
performance of mechanomutable asphalt binders under cyclic creep and 
recovery loads. Construction and Building Materials, 113, pp. 506–512. 
Muniandy, R., Aburkaba, E., & Taha, R. (2013). Effect of mineral filler type and 
particle size on the engineering properties of stone mastic asphalt pavements. 
The Journal of Engineering Research [TJER], 10(2), pp. 13-32. 
Muniandy, R., Yunus, R., Hasham, S., & Aburkaba, E. (2013). Influence of Clay 
Nanoparticles on the Physical and Rheological Characteristics of Short Term 
Aged Asphalt Binder, 7(11), pp. 488–498. 
Nor, A. H. M., Masirin, M. I. H. M., & Sanik, M. E. (2014). Site Investigation Of 
Road Drains For Rural Road On Batu Pahat Soft Clay (BPSC). International 
Organization of Scientific Research (IOSR), 11(2), pp. 12–19. 
Nukunya, B., Roque, R., Tia, M., & Birgisson, B. (2001). Evaluation of VMA and 
other volumetric properties as criteria for the design and acceptance of 
superpave mixtures (with discussion and closure). Journal of the Association of 
Asphalt Paving Technologists, 70. 
Obuzor, G. N., Kinuthia, J. M., & Robinson, R. B. (2011). Enhancing the durability 
of flooded low-capacity soils by utilizing lime-activated ground granulated 
blastfurnace slag (GGBS). Engineering Geology, 123(3), pp. 179–186. 
Ortega, F. J., Navarro, F. J., García-Morales, M., & McNally, T. (2015). Thermo-
mechanical behaviour and structure of novel bitumen/nanoclay/MDI 
composites. Composites Part B: Engineering, 76, pp. 192–200. 
Pachmajer, S., Jones, A. O. F., Truger, M., Röthel, C., Salzmann, I., Werzer, O., & 
Resel, R. (2017). Self-Limited Growth in Pentacene Thin Films. ACS Applied 
Materials & Interfaces, 9(13), pp. 11977–11984. 
Pasandín, A. R., Pérez, I., Ramírez, A., & Cano, M. M. (2015). Moisture damage 
resistance of hot-mix asphalt made with paper industry wastes as filler. Journal 
of Cleaner Production, pp. 1–10. 
Paul, D. R., & Robeson, L. M. (2008). Polymer nanotechnology: Nanocomposites. 
Polymer, 49(15), pp. 3187–3204. 
Peckham, S. F. (1895). What is bitumen? Journal of the Franklin Institute, 140(5), 
pp. 370–383. 
Penacho, P., De Brito, J., Veiga, M. R., & Rosário Veiga, M. (2014). Physico-
mechanical and performance characterization of mortars incorporating fine 
glass waste aggregate. Cement and Concrete Composites, 50, pp. 47–59. 










Characterization of ASR in Concrete by Si 29 MAS NMR 
Spectroscopy. Journal of Materials in Civil Engineering, 28(2), 04015096. 
Phan, C. V., Di Benedetto, H., Sauzéat, C., Lesueur, D., Pouget, S., Olard, F., & 
Dupriet, S. (2017). Complex modulus and fatigue resistance of bituminous 
mixtures containing hydrated lime. Construction and Building Materials, 139, 
pp. 24–33. 
Pokorski, P., Radziszewski, P., & Sarnowski, M. (2015). Rheological Properties of 
Asphalt Mixtures for Bridge Pavements. Procedia Engineering, 111(TFoCE), 
pp. 637–644. 
Pradhan, S., & Roy, P. N. (2008). Effect Of Fíllers On Bituminous Paving Mixes. 
Doctoral dissertation. 
Prowell, B. D., Zhang, J., & Brown, E. R. (2005). Aggregate Properties And The 
Performance Of Superpave-Designed Hot Mix Asphalt. Transportation 
Research Board. 
Prowell, B., Hurley, G., & Crews, E. (2015). Field performance of warm-mix asphalt 
at national center for asphalt technology test track. Transportation Research 
Record: Journal of the Transportation Research Board. 
Qiao, Y., Dawson, A. R., Parry, T., & Flintsch, G. W. (2015). Evaluating the effects 
of climate change on road maintenance intervention strategies and Life-Cycle 
Costs. Transportation Research Part D: Transport and Environment, 41, pp. 
492–503. 
Qisen, W. H. L. X. Z., Yu, C., & Xue-lian, L. (2009). Rutting in asphalt pavement 
under heavy load and high temperature [J]. China Civil Engineering Journal, 5, 
026. 
Rashadul Islam, M., Faisal, H. M., & Tarefder, R. a. (2015). Determining 
temperature and time dependent Poisson’s ratio of asphalt concrete using 
indirect tension test. Fuel, 146, pp. 119–124. 
Razali, S. N. M., Bakar, I., & Zainorabidin, A. (2013). Behaviour of peat soil in 
instrumented physical model studies. Procedia Engineering, 53, pp. 145–155. 
Read, J., & Whiteoak, D. (2003). The Shell Bitumen Handbook. Thomas Telford. 
Remišová, E., & Holý, M. (2017, October). Changes of Properties of Bitumen 
Binders by Additives Application. In IOP Conference Series: Materials Science 
and Engineering 245(3), (032003). IOP Publishing. 
Rieley, J. O., Wüst, R. A. J., Jauhiainen, J., Page, S. E., Wösten, H., Hooijer, A., … 
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